INTRODUCTION
The classic study by Epstein and others (1977) , using conodont alteration index (CAI) isograds, is the established standard for evaluating thermal maturity patterns of lower and middle Paleozoic rocks and associated oil and gas accumulation in the Appalachian basin. Maps from the Epstein and others (1977) and Harris and others (1978) studies show basin wide thermal maturity patterns for the Ordovician, Silurian through Middle Devonian, and Upper Devonian through Mississippian. Despite the value of these maps, they have a strong bias toward outcrop samples and, in many parts of the basin, CAI isograds have been extrapolated several hundreds of miles without being constrained by subsurface control points. Wandrey and others (1997) converted the CAI isograds of Harris and others (1978) to vitrinite reflectance equivalents (VTE) for the Ordovician of the central Appalachian basin; however, few new data points were added.
Also, several vitrinite reflectance (%Ro) maps are available for evaluating thermal maturity patterns in the Appalachian basin but they are limited to smaller areas than the CAI-based maps. Among the best examples of these vitrinite reflectance maps are those of Upper Devonian black shale units by Streib (1981) and Boswell (1996) and of Pennsylvanian coal beds by Chyi and others (1987) and Zhang and Davis (1993) .
The objective of this study is to enhance existing thermal maturity maps in New
York State by establishing: 1) new subsurface CAI data points for the Ordovician and Wells labeled with American Petroleum Institute (API) suffix numbers. Surface sample data from Harris and others (1978) . Location of kimberlites shown because they are discussed later.
same drill hole (well). The total collection (n=109) consists of: 1) carbonate (limestone) samples from the Middle Ordovician Trenton Group (n=43), 2) carbonate (chiefly limestone and calcareous shale) samples from selected Devonian units (n=44), and 3) black shale samples primarily from the Middle Devonian Marcellus Shale (n=22). Each sample weighed about 100 g and consisted of rock fragments >20 mesh. Most samples were composites from 50 to 200 ft of stratigraphic section. The carbonate samples were sent to the USGS in Reston, Virginia, where they were processed and analyzed for conodonts. Devonian black shale samples were sent to Humble Geochemical Services1,
Humble, Texas where they were processed and analyzed for total organic carbon (TOC), Rock Eval parameters, and vitrinite reflectance.
Conodonts recovered were visually compared with a set of conodont color standards provided by A.G. Harris of the U.S. Geological Survey and assigned a CAI value. Samples exhibiting a range of CAI values were assigned a minimum and maximum value. Since variations in CAI within a sample can be caused by very local hydrothermal alteration, the CAI minimum value was assumed to most accurately reflect regional thermal effects, as
per Epstein and others (1977) and Rejebian and others (1987) , and was the value used for the succeeding maps (figs. 4-7). The conodont samples are reposited in the collections of the U.S. Geological Survey and filed under Cambrian-Ordovician (CO) or SilurianDevonian (SD) collection numbers (see tables 1 and 2). is possibly Late Silurian in age (Table 2 ,USGS sample number 12703-SD) but was retained in the Devonian sample set, as the CAI value from it is consistent with those from neighboring samples. Figure 3 illustrates the numbers, successful conodont yield, and approximate position within the regional stratigraphy of samples in the Devonian set. Table 2 contains detailed species composition, abundance, biostratigraphic position, and other data from the conodont collections recovered.
THERMAL MATURITY RESULTS

Ordovician Data Set
The new CAI data for the Ordovician samples are plotted in figure 4 and contoured as isograds. For comparison, the CAI isograds from Harris and others (1978) are also shown. The earlier data were chiefly from surface collections along the Adirondack Dome to the north and east, the Valley and Ridge rocks in the eastern part of the state, and central Pennsylvania to the south (figure 1), giving little control over the Appalachian basin in central and western New York. CAI isograds in Harris and others (1978) range from 2 in the west to 5 in the east and trend smoothly in a southwest to northeast direction. Although isograds defined from this study approximate those of Harris and others (1978) in eastern and western New York, they differ in central New York, where they are shifted markedly further west by more than 100 km and are more tightly grouped, particularly in the CAI 3 to 4.5 range. This close grouping of isograds reflects a steeper thermal gradient than previously noted by Harris and others (1978) . A similarly abrupt east-to-west increase in thermal maturity across New York was noted by Johnsson (1986) in the Middle Devonian Tioga metabentonite using clay-mineral diagenesis and apatite fission-track age data. Moreover, our data show an adjoining relatively low thermal 
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. Figure 4. Middle and Upper Ordovician Conodont Alteration Index (CAI) isograds from data used in this study. The CAI isograds are based on data from this study and that of Harris and others (1978) maturity embayment that protrudes southeastward from Herkimer County.
At first glance this shape in the isograds appears to mimic the isopach contours for
Upper and Middle Ordovician clastic rocks, and Silurian carbonate and evaporite rocks in New York (Miller, 1975; de Witt and others, 1975 The CAI isograds for the Ordovician samples are plotted on figure 5, along with the locations of Middle and Upper Ordovician and Lower Silurian gas fields. The gas fields are located largely between the 2.5 and 4.5 CAI isograds (%Ro -1.5 and 4) which is broadly consistent with the range of thermal maturity indices commonly cited for the "window" of dry natural gas generation and preservation (Dow, 1977; Harris and others, 1978; Tissot and Welte, 1984) .
Devonian data set
The CAI data and interpreted isograds for the Devonian samples are plotted in figure 6 along with the CAI isograds from Harris and others (1978) Figure 6 . Devonian Conodont Alteration Index (CAI) isograds from data used in this study. The CAI isograds are based on data from this study and that of Harris and others (1978) central and south-central New York. As noted for the Ordovician data, the CAI 2 to 3 isograds are shifted farther westward about 50 to 75 kilometers than shown in Harris and others (1978) and furthermore, there is a hint that they are more tightly grouped in the same approximate locations as the Ordovician isograds in the 3 to 4.5 range. Again the isograds reflect higher paleotemperatures and a steeper paleotemperature gradient in central New York than was recognizable given the data used by Harris and others (1978) .
Although the shapes of the Devonian isograds and overburden isopachs (Devonian through Permian; Harris and others, 1978) are more similar than in the Ordovician example, the isograds still cut sharply across the isopachs in central New York.
The CAI isograds for the Devonian samples are plotted on figure 7 along with locations of Upper Silurian and Devonian oil and gas fields. Oil fields are located in the western part of the area where CAI values are 2 or less (%Ro ~1 or less). The eastern limit of oil fields in the western part of Steuben County has a CAI value of 2.5 (%Ro 1.5). Gas fields are found mainly in south-central and west-central New York where CAI values range from 2 to 3.5 (%Ro ~1 to 2.7). These CAI isograds are broadly consistent with the range of thermal maturity indices commonly cited for the "window" of oil and natural gas generation and preservation (Dow, 1977; Harris and others, 1978; Tissot and Welte, 1984 (1982) , Lakatos and Miller (1983), and Johnsson (1986) One of the Icriodus species is probably either /. 
